Anaerobic fungi were isolated from the faeces (isolates F1 and F2) and saliva (isolates Sl and S2) of a sheep. Isolate S1 and Fl were morphologically similar and both resembled Neocallimastix spp. They produced polyflagellate zoospores and were monocentric ; the zoosporangium was supported by an extensive, highly branched, non-septate rhizomycelium. Isolate F1 utilized a variety of polysaccharides (including cellulose) and disaccharides, but of the eight monosaccharides tested, only fructose, glucose and xylose supported growth. Isolates S2 and F2 were morphologically similar to each other and resembled Sphaeromonas communis. These organisms were isolated on glucose but not on cellulose and they formed large spherical bodies which were closely associated with small 'zoosporangia'; no rhizoids were observed. This is the first time that anaerobic fungi have been isolated from saliva and faeces of sheep. The ability of these organisms to survive in saliva and faeces, at reduced temperatures, suggests two possible routes of transfer of anaerobic fungi between animals.
INTRODUCTION
The rumen of a normal adult ruminant contains an active microbial population of bacteria, protozoa and fungi which play a significant role in the breakdown of feed. A newly born ruminant lacks the microbial flora found in the adult and acquires it only after contact with older animals.
The possible routes of transfer of micro-organisms from adult to young sheep include saliva and faeces. Rumination brings a large number of organisms into the mouth and this is considered to be one of the most important routes of transfer of micro-organisms between animals. Direct contact with saliva is thought to be the method of transfer for large protozoa since these organisms do not form cysts and die rapidly in air (Hobson, 1971) . Eadie (1962) found that young animals must be kept several feet apart in order to be maintained free of all protozoa; thus it appears that small protozoa can be transferred in aerosols.
Rumen bacteria can be transferred between animals in saliva and aerosols, but unlike protozoa, they can also be isolated from faecal material (Hungate, 1966) ; this might provide an alternative route for their transfer. Although it is generally accepted that microbial populations in the rumen contain anaerobic fungi (Bauchop, 1979) , the method of transfer of these organisms from adult to young ruminant is not known. The present work was undertaken to establish if rumen fungi are present in saliva and faeces since these may be the routes by which they can be transferred.
METHODS
Medium. culture conditions and culture maintenance. The media and anaerobic techniques used in this work have been described previously (Lowe et al., 1985 of temperature on the development of zoospores and immature plants were done as described by Lowe ef al. (19873) . The Neocullimastix-like isolate described as R1 in the present study was isolated from the rumen of a sheep at the Animal and Grassland Research Institute, Hurley (Lowe et al., 1985 .
Enrichment of fungi from saliva. The sheep was fed on a diet of ad libitum hay (about 1.5 to 2.0 kg d-') and was fitted with an oesophageal fistula. The fluid sample, which we have termed 'saliva' in this paper, was collected from the oesophagus into a sterile flask via the oesophageal fistula for about 10 min while the animal was not eating or ruminating; the fungal isolation procedure was started within 10 min of sample collection. Roll tubes were prepared which contained 2 ml molten defined medium B with 1.8% (w/v) agar and either 25 m-glucose or 1 % (w/v) cellulose (Avicel; Schleicher & Schiill). The antibacterial antibiotics streptomycin, chloramphenicol, neomycin and penicillin (each at a final medium concentration of 60 pg ml-l) were included in the isolation medium, and roll tubes were inoculated with 0.1 ml saliva and incubated for 3 d at 39 "C. Tubes were examined using a Leitz Diavert inverted microscope.
Enrichment offungi from faeces. The sheep was fed on a diet of ad libitum hay (about 1.5 kg d-l) and concentrates (about 0.5 kg d-'). Faeces were collected in a plastic bag to prevent contact with the floor, and were then stored at 4°C for 12 h. Three faecal pellets from the collected sample were added to 10ml liquid defined medium B containing antibiotics (as above) and either 25 mM-glucose or 1 % (w/v) wheat-straw (milled to pass through a 1 mm dry mesh screen), and the tubes were then agitated. The tubes were incubated for 4 d and were occasionally inverted to disperse their contents. After incubation, culture supernatant (0.5 ml) was added to roll tubes containing 2 ml molten defined medium B agar with antibiotics and either 25 mM-glucose or 1 % (w/v) Avicel.
Roll tubes for enrichment of fungi from saliva or from faeces were incubated for 3 d and then examined using an inverted microscope. Individual colonies were transferred with a sterile mounting needle into fresh roll tubes containing the same type of medium. This procedure was repeated until cultures were free of bacteria. Fungi were then subcultured in 10 ml defined medium B containing 25 mM-glucose.
RESULTS A N D DISCUSSION
Two different fungi were isolated from sheep faeces. One of them (Fl) resembled the Neocallirnastix sp. R1 described by Lowe et al., (1987~) . The F1 isolate was isolated on defined medium B containing cellulose as the carbon source but not on medium containing glucose. The fungus was monocentric and formed a highly branched, non-septate rhizoidal system (Fig. 1) . The zoospores were morphologically similar to those produced by the R1 isolate; they were spherical to ovoid and moved in a gyratory manner typical of chytrid zoospores. Growth of isolate F 1 was studied microscopically in roll tube cultures containing glucose. The pattern of development and the duration of the life cycle of the F1 isolate were similar to those of the R1 isolate. Initially, the rhizoidal system of Fl developed with only limited increase in the size of the zoosporangium. Subsequently the zoosporangium increased in size (Fig. 1 a) and released its zoospores 26 h after inoculation. Thus, the duration of the life cycle of F1 was similar to that of Rl (Lowe et af., 1987~) . The second generation of zoospores formed by the F l isolate encysted at the site of the parent zoosporangium (Fig. lb) and the rhizoids produced resulted in the formation of a dense colony (Fig. 1 c) . As with the R1 isolate, subsequent generations of plants formed bands radiating from the central area of growth.
The ability of F1 to utilize a range of carbon sources was investigated. Growth occurred on starch and xylan, but not on carboxymethylcellulose, inulin or pectin. The organism was able to use all the disaccharides tested (cellobiose, lactose, maltose and sucrose), although growth was poor on lactose. Of the eight monosaccharides tested, only D-fructose, D-glucose and D-xylOSe supported growth ; L-arabinose, D-galactose, D-mannose, L-rhamnose and D-ribose did not support growth. Apart from the absence of growth of F1 on inulin, these nutritional results are similar to those observed for the Rl isolate (Lowe et al., 1987b) . The inability of F1 (and R l ) to utilize pectin, an important component of plant cell walls, has also been observed in other rumen fungi (Orpin & Letcher, 1979; Pearce & Bauchop, 1985) . Zones of clearing around F1 colonies grown in cellulose roll tubes suggest that this organism, like the Rl isolate, produces cellulases (Lowe et al., 1987a) .
The second fungus isolated from sheep faeces (isolate F2) is shown in Fig. 2 . It was isolated on medium containing glucose, but not on medium containing cellulose. Unfortunately, bacterial contamination prevented the maintenance of pure cultures of F2. In preliminary studies the F2 isolate was observed to form spherical bodies, each of which was associated with a small 'zoosporangium' (Fig. 2a) . The fungus apparently lacked a rhizoidal system and formed colonies which contained numerous, densely packed spherical bodies and associated 'sporangia' (Fig. 2) .
Of the two isolates obtained from saliva, the S1 isolate was morphologically similar to the faecal F1 and the rumen R1 isolates, and it was concluded that these three organisms belong to the genus Neocallimastix (see . The second isolate obtained from saliva, S2, resembled the faecal F2 isolate. The cytoplasm of the spherical bodies of the S2 isolate was segmented and, as with the F2 isolate (Fig. 2) , vacuoles were occasionally observed. The F2 and the S2 isolates resembled Sphaeromonas communis, an anaerobic rumen fungus described by Orpin (1976) , which produces only a limited rhizoidal system and has spherical bodies associated with its zoosporangia. All the Sphaeromonas types resemble Olpidiopsis vexuns Barrett described by Sparrow (1960) .
The presence of anaerobic fungi in the rumen is well established (Orpin, 1977; Bauchop, 1981 ; Lowe et al., 1985) . The isolation of Neocallimastix-like (Fl and S1) and Sphaeromonas-like (F2 and S2) organisms from the faeces and saliva of sheep suggests that these organisms were present as part of the normal rumen flora, or in the case of the faecal isolates F1 and F2, that they originated in the hind-gut. In either case, isolation of viable fungi from faeces and saliva suggests two possible routes by which these organisms can be transferred from one animal to another.
Although ruminants are not coprophilic, accidental contact with faeces might occur. If anaerobic fungi are transferred via the faeces, they must be able to withstand both the low temperatures outside the rumen and the presence of oxygen. In order to investigate the effect of temperature, zoospores and immature plants (1 2 h old and 20 h old) of the rumen isolate, R1, were incubated for various times at 20 "C and then returned to 39 "C (Fig. 3) . The viability of zoospores and 12 h old plants decreased rapidly during incubation at 20 "C. After an 8 h exposure only about 50% of the zoospores and about 40% of the immature plants continued to develop after transfer to 39 "C. The 20 h old plants incubated at 20 "C retained a higher viability than the zoospores or 12 h old plants. After 8 h at 20 "C, 93% of the 20 h old plants completed S . E. LOWE, M . K . THEODOROU A N D A . P . J . TRINCI their life cycle when transferred to 39 "C. After 24 h at 20 "C, the viability of the zoospores and 12 h plants had decreased to 18 % and 7 % respectively, whilst 50% of the 20 h cultures were still viable. These results suggest that older plants (grown for 20 h at 39 "C) were more able to withstand low temperatures than zoospores or young plants (grown for 12 h at 39 "C).
The centre of a faecal pellet is likely to remain anaerobic for some time after its release from the sheep, but eventually the pellet will become aerobic. Chytrid fungi such as Bfustocfudieffu produce resistant zoosporangia under adverse conditions (Lovett, 1967) , but anaerobic fungi have not as yet been observed to form such structures. In the present study, anaerobic fungi were obtained from faecal pellets which had been kept at 4 "C for 12 h prior to the fungal isolation. Thus, it appears that these organisms can survive outside the animal in faecal pellets at low temperatures. Bauchop (1979 Bauchop ( , 1981 has isolated anaerobic fungi from the faeces of an elephant (an animal with a major hind-gut fermentation), demonstrating that these fungi also remain viable outside the animal.
